Background: In a European setting, we know little about the use of dietary supplements among men with prostate cancer (PCa) and to what extent lifestyle, disease or other factors influence such use.
introduction
The use of complimentary and alternative medicine (CAM) is common among cancer patients, with reported prevalences ranging between 36% and 70% [1] [2] [3] . Of the various types of CAM that cancer patients use, dietary supplements represent a considerable fraction [3, 4] . In general, total CAM use (or use of dietary supplements specifically) in cancer patients or longer term survivors is associated with higher educational level and higher income and in some instances with younger or older age, smoking habits, or disease stage [1] [2] [3] [4] [5] . Previous studies indicate that supplement use is associated with dietary habits [6, 7] .
Most studies of CAM use among men with prostate cancer (PCa) have been conducted in North American men [5, [7] [8] [9] . To our knowledge, European studies are few, relatively small and none has compared CAM use among men with PCa and matched population controls [10] [11] [12] . We explored whether men with PCa were more likely to use dietary supplements than men without PCa in a population-based study of Swedish men. In addition, we investigated whether supplement use was dependent on factors such as dietary habits, body mass index (BMI), smoking, education, cancer treatment, or disease status.
materials and methods

study population
Cancer Prostate in Sweden is a population-based case-control study, with enrollment from January 2001 to September 2002 [13] . Men, 35-79 years of age, with pathologically verified adenocarcinoma of the prostate (International Classification of Diseases-10: C61) were reported to four regional cancer registries in Sweden. Population controls were randomly selected from the Swedish Population Registry and frequency matched by age and geographic residence. Men with advanced PCa disease were defined as those with at least one of the following criteria: tumor-node-metastasis stage, = T3/T4, N+, M+; Gleason score = 8-10; or prostate-specific antigen (PSA) level ‡ 100 ng/ml [14] . Men with localized PCa disease were those not meeting any of the above criteria.
Of the 1895 men with PCa who were invited to the study, 1499 (79%) agreed to participate by completing the questionnaire. Of 1684 invited control subjects, 1130 (67%) completed the questionnaire [13] . The investigation was approved by the Ethics Committees at Karolinska Institutet and at Umeå University.
assessment of food and dietary supplement intake
The questionnaire included questions on education, smoking history, treatment type, weight, height, and a validated foodfrequency questionnaire to measure average intake of foods, beverages, and dietary supplements the past 12 months [15] . The respondents were asked if they had used any vitamins, minerals, or other dietary supplements during this time period. They answered by 'No, I have never eaten any dietary supplements'; 'Yes, I have eaten dietary supplements before, but not the current year'; or 'Yes, I have eaten dietary supplements the current year'. Men who stated that they had used supplements the current year or before that were asked to further specify which type(s) of supplements they had used (e.g. multivitamins with or without minerals, vitamin C, vitamin E, selenium, calcium, or fish oil/omega-3 fatty acids). Respondents also could state ever use of specific supplements, such as Cernitol (pollen extract), Curbicin (extracts from saw palmetto fruit and field pumpkin seeds), Echinacea (purple coneflower), garlic, ginseng, coenzyme Q10, and different trademarks of vitamins and minerals. If information was missing from the mailed questionnaire, participants were contacted by phone to complete the missing information. Questionnaire data about the intake of food items were converted into intake of energy and nutrients by linkage to the nutrient database created by the Swedish National Food Administration [16] .
statistical methods
Men with PCa who stated that they had used supplements the current year or that they had initiated supplement use the same year as they were diagnosed were defined as current users. The median time between diagnosis and return of the questionnaire to the study center was 5.6 months (5%-95% percentiles: 2-12 months). Population controls who stated that they had used dietary supplements the current year or that they had initiated supplement use the same year as the questionnaire was returned to the study center, also were defined as current users. Individuals who stated in the questionnaire that they had used supplements the current year but gave information on use before that during the telephone interviews were defined as former users. In the analyses, only current and never users were included, while former users (n = 602) were omitted. In total, 1127 men with PCa and 900 population controls were included in the analyses.
Baseline characteristics of cases and controls were compared using a two-sided t-test for continuous variables and a v 2 test for categorical variables. In exploring whether individuals with PCa were more likely to use dietary supplements (current versus never user) than subjects without PCa, we used ageadjusted (with age in 5-year intervals) binary regression with an identity or logarithmic link summarized in terms of prevalence differences and prevalence ratios, respectively, and corresponding 95% confidence intervals (CIs). PCa (yes/no) was considered the exposure and dietary supplement use (current user/never user) the outcome (event).
Supplements were divided into subgroups: antioxidants (e.g. vitamins C and E, selenium, beta-carotene, Oxigard, coenzyme Q10), vitamins and/or minerals (e.g. multivitamins with or without minerals, calcium, folate, magnesium, B vitamins, zinc), omega-3 fatty acids, supplements for symptoms of benign prostatic hyperplasia (e.g. pollen preparations, saw palmetto, and field pumpkin preparations), and other supplements (e.g. algae, garlic preparations, ginseng, ginkgo biloba, and other natural remedies). The subcategories serve only as descriptive data as we could not determine whether individuals who had used more than one type of supplement had done so before or after diagnosis (the current year or before that for controls) or both.
The association between dietary supplement use and PCa was stratified by lifestyle-and diet-related categories, including education, smoking, BMI, intake of fatty fish, saturated fat, vegetables, fiber, fruit, and food items rich in phytoestrogens. We also considered possible differences in supplement use between men with PCa who had received treatment (n = 813) and those who had not (n = 314) and between those with localized (n = 628) or advanced disease (n = 448) (unknown status, n = 51). Intake of the various foods was categorized into tertiles or quartiles based on the distribution among the population controls. Based on previous results regarding dietary habits generally considered as healthy [13, 17, 18] , we created a variable for increasing 'health index', which grouped the men according to intake of fatty fish, vegetables, food items rich in phytoestrogens, and saturated fat. The index had three levels: (i) low intake of fatty fish, food items rich in phytoestrogens, and vegetables and high intake of saturated fat; (ii) intermediary intake; and (iii) high intake of fatty fish and food items rich in phytoestrogens and vegetables and low intake of saturated fat.
To explore modifying effects of lifestyle-and diet-related factors, statistical assessment of interaction effects was carried out on the additive effect scales. PCa status was represented by two indicator variables comparing men with PCa against men without PCa, and each lifestyle-and dietrelated factor was categorized into three or four groups (see Table 2 ). Interaction was assessed by the same product terms under a linear odds model, and all analyses were adjusted for age. Analyses were carried out using the STATA System Software, version 10.1.
results
characteristics of study participants
Baseline characteristics, intake of macronutrients, and use of supplements among the study participants are presented in Table 1 . We found no statistically significant differences between subjects with or without PCa, respectively, with regard to BMI, smoking history, level of education, intake of main groups of macronutrients, or overall energy intake. The mean age among men without PCa was somewhat higher than among men with PCa.
With one exception, men with PCa were more likely to use supplements than population controls in each dietary supplement subcategory. There was no statistically significant difference in use of omega-3 fatty acid supplements between men with and without PCa (data not shown).
PCa status and use of dietary supplements
Five hundred and forty-two men (48%) with PCa and 341 men (38%) without PCa had used any supplement(s) the previous year ( Table 2 ). The use of supplements was 9.9% (95% CI: 5.6%-14.2%) more common in men with PCa than in population controls. Table 2 also shows the prevalence differences and prevalence ratios of dietary supplement use comparing PCa status, stratified by dietary intakes, BMI, education, and smoking history. When carrying out interaction analysis, we found a significant interaction between PCa status and saturated fat intake (P = 0.01), vegetable intake (P = 0.04), and healthy dietary intake pattern (health index) (P = 0.002) and borderline significance for fatty fish intake (P = 0.06) but not for level of education, smoking history, BMI, or fiber, fruit, or phytoestrogen intake ( Table 2 ). In the group with the healthiest dietary intake pattern, a higher proportion of men with PCa was supplement users compared with population controls (prevalence difference: 29%, 95% CI: 18%-41%).
Regardless of PCa status, we found that the proportion of supplement users was higher among men with high educational level ( ‡10 years) compared with men with low educational level (0-9 years) (prevalence difference: 19, 95% CI: 15%-24%) (data not shown). But we found no evidence of heterogeneity by categories of education (P = 0.86) ( Table 2 ). The use of supplements was more common among younger men than older men, irrespective of PCa status. The difference in prevalence of supplement use comparing men aged 40-59 years with men aged 69-74 years was 13% (95% CI: 5.3%-21%) (data not shown). Furthermore, men who were overweight or obese (BMI > 25) used supplements to a 7% lower degree than normal-weight (BMI < 25) men (95% CI: 212% to 23%) (data not shown).
There was no significant difference in rate of overall supplement use between men who had received some kind of treatment (hormones, radiotherapy, or surgery) and those who had not received any treatment (prevalence difference: 3.6, 95% CI: 22.9% to 10%) (data not shown). When specific supplement use was stratified by type of treatment, men who had received hormone therapy were more likely to use omega-3 supplements compared with those who had not received any treatment (prevalence difference: 6.2, 95% CI: 1.8%-11%) (data not shown). Supplement user rates did not significantly differ between men with advanced compared with localized disease (prevalence difference: 22.5, 95% CI: 28.7% to 3.6%) (data not shown). Adjustment for potential confounders (education level, smoking history, etc.) did not substantially change any of the results (data not shown).
discussion
In this study, we found that dietary supplement use was more common among men with PCa than in population controls. In the group that had the healthiest dietary intake pattern (high intake of fatty fish, vegetables, and food items rich in phytoestrogens and low intake of saturated fat), a higher proportion of men with PCa were supplement users compared with population controls.
A handful of studies of CAM use among men with PCa report the prevalence of dietary supplement use specifically. Accordingly, 15%-56% of men with PCa use dietary supplements [3, 5, 8, 9, 19] . In a study that focused exclusively on supplement use among men with PCa, the user prevalence was 73% [7] . Possible explanations for the differences in prevalence rates compared with our data include differing definitions of dietary supplements and differing points in time Regardless of PCa status, we found that men with higher educational level were more likely to use supplements than men without high school education and that younger men were more likely to use supplements than older men. These findings are in line with several studies of CAM use among survivors of PCa as well as other cancers [3, 5-7, 9, 10, 19] and in the general population [20] . Furthermore, our observation that a healthy dietary intake pattern influences the use of supplements finds support in previous investigations. For example, PCa and other cancer survivors with high intake of fruits and vegetables or of fruit, whole grain, and oil had a higher use of supplements [6, 7] . Comparable results were found in a healthy population [20] .
Overall dietary supplement use did not differ between men with PCa who had received treatment and those who had not. This is consistent with a smaller study in which no difference in CAM use was found between treatment groups [21] . Wilkinson et al. [8] and Boon et al. [19] did, though, find that men who chose hormonal therapy were more likely to use CAM compared with those who chose surgery or radiation and CAM nonusers, respectively. We found that men who had received hormonal therapy were more prone to use omega-3 fatty acid supplements compared with men who had not received any treatment. Wiygul et al. [7] found that men who chose other treatment options than surgery or radiation were more prone to use herbals, while in the study by Diefenbach et al. [9] , watchful waiting was the only treatment option associated with use of herbals. In terms of disease stage, we found no difference in supplement use between men with localized and advanced disease. Advanced [19] and progressive [8] disease have previously been positively associated with CAM use.
Strengths of our study include its population-based design, large size, and complete and rapid case ascertainment. The ethnic homogeneity of our study population reduces the risk of confounding by population stratification. The Swedish cancer registries record almost 100% of all incident cases and since there was limited PSA testing in our study population at the time of enrollment [13] , our results pertain mainly to non-PSA-detected clinically significant PCa. Any problem with On the other hand, some underreporting is also possible among patients who think they should use more supplements than they currently do. However, most participants (1787 of 2027) were contacted by phone to complete missing information from the questionnaire, including information about supplement use. The interviewers were blinded to the respondents' PCa status. Therefore, we do not believe that this type of potentially differential misclassification has had any significant impact on our results. Finally, the study was not originally designed to measure whether use of dietary supplements had been initiated or changed after diagnosis. Even though we have information on when supplement use started, our definition is not optimal and we probably have some misclassification. Prior supplement use could lead to misclassification of our binary outcome variable, but such misclassification is likely non-differential and would attenuate any true association.
In conclusion, use of dietary supplements among Swedish men with PCa is widespread and even higher in men with a healthy dietary intake pattern. With increased knowledge about the extent of dietary supplement use among men with PCa, clinicians will be able to be more observant and ask their patients about such use. A more detailed assessment of what types of dietary supplements are most commonly used by men with PCa may be important for possibilities to give proper advice about supplement use and to deliver prescribed therapies without risking toxic effects or adverse interactions. Also, with knowledge about existing supplement use patterns and the evident interest in diet among men with PCa, we may increase the efficiency of scientific evaluations of dietary interventions to slow prostate tumor growth. 
